The present study aimed to identify the response of melon accessions and cultivars to salt stress in terms of ion exchange, enzyme activity, lipid peroxidation and photosynthetic pigment contents by mixture modelling. In mixture modeling, it is expected that the data set demonstrates a heterogeneous structure. This heterogeneity is characterized as unobservable heterogeneity. The data set's heterogeneity produces severe deviations in the parameter assessments and the standard deviations. Heterogeneity is overcome when the data set separates itself into homogeneous sub-populations. Mixture modeling was performed using the Mclust mixture cluster program of the statistical software package R 5.2.3. Sub-populations were constructed by evaluating genotypes according to studied traits and correlation analysis was performed using the SPSS software package. The seedlings of 13 melon genotypes were harvested two weeks after salt application (0 mM or 50 mM NaCl) when symptoms of salt stress were observed. Nutrient contents and ratios (K, Ca, Na, K : Na and Ca : Na); superoxide dismutase (SOD), catalase (CAT) and ascorbate peroxidase (APX) activities malondialdehyde (MDA) chlorophyll a, chlorophyll b, total chlorophyll and carotenoid contents were measured. Mixture modeling and correlation analysis were used in evaluating the experimental data sets. Differences in responses to salt application were observed among genotypes. While all genotypes exhibited negative responses in terms of K : Na ratio, which is an important parameter of salt tolerance, the smallest decreases in K : Na ratios were observed in the YYU-11 (-57.09%) and YYU-4 (-58.78%) genotypes, indicating them to be the most tolerant to salt stress. In general, enzyme activity decreased in response to salt application, although the responses varied among genotypes, especially with regard to CAT and APX activity. The YYU-29 genotype was notable as the genotype with the highest K : Na ratio (1.79) as well as the smallest change in MDA content under salt stress.
INTRODUCTION
Salinity is one of the most important abiotic stress factors to affect yield, especially in semi-arid and arid regions [Ashraf and Harris 2004 , Dasgan and Koç 2009 , Yildiz and Balkaya 2016 . About 800 million hectares of agricultural land -representing 6% of the world's total agricultural area, and including 230 million hectares of irrigated land -suffer from salinity problems [Munns and Tester 2008, Peleg et al. 2012] . Plants exposed to salt may experience water deficit stress due to the low osmotic potential of the soil solution and ion toxicity due to ion imbalances caused by intake of ions such as Na + and Cl [Ashraf and Harris 2004 , Kusvuran et al. 2008 , Aktas et al. 2009 . High concentrations of salt in the soil may also slow or even shut down many plant physiological and biochemical processes, such as photosynthesis and nutrient uptake [Carillo et al. 2011] . In addition, salt stress, especially stress caused by Na + and Cl -ion uptake, can impair both the function and structure of plant proteins [Tuteja et al. 2012] .
The amount and type of salt applied and the duration of exposure affect how plants respond to salt stress [Çulha and Çakirlar 2011] . Genotypic differences also play a role in the level of tolerance/sensitivity that plants exhibit towards the toxic effects of salt accumulation; however, the genetic basis by which plants respond to salt stress and how this tolerance mechanism operates in the context of actual environmental conditions is not yet fully understood [Carillo et al. 2011, Çulha and Çakirlar 2011] . Zhu [2001] describes three different types of tolerance mechanisms, namely homeostasis (i.e. ion homeostasis and osmotic balance), damage control (i.e. repair and detoxification), and growth regulation. In addition to tolerance, plants may use strategies of escape and avoidance to cope with the negative effects of salt stress [Peleg et al. 2012] .
Although various cultural practices may help protect against salt stress, the available measures represent neither economical nor long-term solutions; rather, the development of tolerant plant cultivars is considered to be the most effective solution to the problem of salt stress [Mendlinger and Pasternak 1992, Franco et al. 1997] . Melon is considered to be a species with a medium-level of tolerance to salt stress; however, the degree of tolerance varies among melon genotypes [Mendlinger and Pasternak 1992 , Shani and Dudley 2001 , Damianos and Savvas 2016 . The development of melon cultivars that can achieve high yields under saline conditions is especially important in the arid and semi-arid regions where melon cultivation is carried out.
Melon is one of the most important vegetables for Turkey, which ranks second in the world in terms of production, with 1 699 550 tons produced annually [Faostat 2013] . Although melon has its origins in East Africa [Pitrat 2008 ], Turkey is a micro-gene center for cucurbits in general and melon in particular [Sensoy et al. 2007 ]. Preliminary studies have been conducted to classify and evaluate a/biotic stress response of melon germplasm grown in the Lake Van Basin, an area rich in melon genetic diversity [Sensoy et al. 2005 , Türkmen et al. 2008 , Sensoy et al. 2012 . The limited numbers of selection and breeding programs aimed at the development of high-yielding commercial cultivars have led to a reduction in genetic diversity, which leads to a lower tolerance of cultivar varieties to abiotic stress conditions. By conducting studies to screen local accessions, it may be possible to identify stress-resistant genotypes for use in future breeding trials aimed at restoring genetic diversity and improving plant resistance to abiotic stress factors.
The need for new models to evaluate experimental data sets is being increasingly recognized, with many disciplines turning to a Gaussian-mixture model for analysis of normally distributed data [Yeşilova et al. 2010 [Yeşilova et al. , 2016 . Mixture modeling aims to identify previously unobserved homogenous sub-populations comprising a seemingly heterogenous data set [Wang et al. 1996 , Dalrymple et al. 2003 , Martinez et al. 2009 ] using Akaike's data criteria (AIC) and Bayesian data criteria (BIC) [Yeşilova et al. 2010 ] to define and separate sub-populations. Therefore, the present study applied mixture modeling to investigate changes in ion regulation, enzyme activity and photosynthetic pigment content of melon genotypes under salt stress. Mixture model is a novel approach and has two important advantages compared to the cluster and factor analysis [Muthén and Muthén 2014] . The first, for each observation, mixture modeling is resolved according to the probability of inclusion within the subgroup categories. The second, mixture model gives the parameter estimates for each subgroup [Mao et al. 2013] . Salt application. The study was conducted using a completely randomized experimental design with 3 replications of 5 plants each. Seeds were sown into 1-liter pots without drainage and containing a 2 : 1 mixture of sterile peat : perlite. All seedlings were irrigated with Hoagland nutrient solution before and after salt application [Aktas et al. 2009 ]. For salt applications, a 50 mM concentration of NaCl dissolved in distilled water was applied gradually over 2 days starting when the seedlings reached the twotrue-leaf stage.
Determination of shoot nutrient contents. After drying at 65°C for 48 hours, whole shoot samples were burnt at 550°C, the obtained ash was dissolved in 3.3% HCl, and an atomic absorption device (Thermo Scientific, ICE 3000) was used to measure Na, K and Ca contents [Aktas et al. 2009 , Kuş-vuran 2012 .
Chlorophyll content analysis. Extracts were obtained by homogenizing and filtering 0.25 g leaf samples in 80% acetone and 20% of water under dim, indirect light. Acetone was added to obtain 25 ml of extract, the optical density (OD) of samples were measured spectrophotometrically at wavelengths of 663, 645 and 470 nm, and photosynthetic pigments were calculated, as follows [Lichtenthaler and Wellburn 1983 , Zengin 2007 , Amira 2011 . Determination of enzyme amount. The enzyme activities were expressed on the base of FW. Frozen leaf samples were homogenized with a 5 ml mixture of cold 50 mM potassium phosphate and 0.1 mM Na-EDTA (pH: 7.6), the homogenate was centrifuged at 709 g for 30 minutes at 4°C, and enzyme extraction was also performed at 4°C.
Catalase (CAT) activity was identified by the disappearance of H 2 O 2 at 240 nm according to Cakmak and Marschner [1992] . Superoxide dismutase (SOD) activity was identified by the 50% inhibition of nitro blue tetrazolium (NBT) salt at 560 nm and SOD activity (units per milligram protein) was calculated [Jebara et al. 2005] . Ascorbate peroxidase (APX) activity was determined by the reduction of ascorbicacid-bound H 2 O 2 at 290 nm, with the amount of activity defined as the amount of enzyme required to consume 1 μmol of ascorbate per minute [Cakmak and Marschner 1992] .
Determinaton of malondialdehyde (MDA) content. A 0.5 g frozen leaf sample was homogenized with 0.1% trichloroacetic acid (TCA), the homogenate was centrifuged at 492 g for 15 minutes, and 1 ml of the supernatant was dissolved in 2 ml of 20% TCA containing 0.5% thiobarbituric acid (TBA). After resting at 95°C for 30 minutes, the mixture was submerged in an ice bath and then centrifuged at 219 g for 10 minutes. Absorbance of the supernatant at 532 and 600 nm was measured and MDA content calculated using an absorption coefficient of 155 mM -1 cm -1 [Heath and Packer 1968] .
Statistical analysis. Mixture modeling was performed using the Mclust mixture cluster program of the statistical software package R 5.2.3. Sub-populations were constructed by evaluating genotypes according to nutrient contents (K, Ca, and Na) and ratios (K : Na and Ca : Na), antioxidant enzyme activities (CAT, SOD, and APX) and MDA content, and photosynthetic pigment (chlorophyll a, chlorophyll b, total chlorophyll and carotenoid) contents, and correlation analysis was performed using the SPSS software package to identify relations between variables.
RESULTS AND DISCUSSION
This study examined the response of different melon genotypes to salt stress in terms of nutrient characteristics, enzyme activity, MDA content and photosynthetic pigment content. A Gaussian mixture model was used to construct 3 homogenous subpopulations for genotype nutrient characteristics and 4 homogenous sub-populations for enzyme activity/MDA content by using the smallest AIC and BIC criteria (tabs 3 and 4, figs 1-6). No sub-populations were formed for photosynthetic pigment content due to the similarity of data for this criterion.
Effect of salinity on K, Ca and Na contents. Changes in K, Ca, Na contents and K : Na, Ca : Na ratios of melon genotypes subjected to salt stress are given in Table 2 . Potassium (K) content decreased with salt application in all genotypes except for the YYU29 genotype, which showed an increase of 7.74% (tab. 2). The YYU29 genotype also had the highest K intake under saline conditions of all the genotypes tested. The Kirkagac variety was most affected by salt stress, with K content 38.89% lower for the 50 mM salt application when compared to the salt-free control (tab. 2). The genotype with the second-largest reduction (-36.22%) in K content with salt stress was the YYU15 genotype, which was also the genotype with the highest K intake in the absence of salt stress. Potassium plays a vital role in plant growth, stoma movement, osmoregulation and enzyme activation [Wu et al. 1996] . Previous studies have reported high K contents to increase the salt tolerance of plants, although high levels of salinity have also been reported to trigger a reduction in plant potassium levels [Hagin et al. 1990 , Catalan et al. 1994 , Naido 1994 .
The present study also found salt application to reduce plant Ca intake. With the exception of the YYU29, Lokum and YYU4 genotypes, Ca levels of plants subjected to 50 mM salt application were lower than control plants for all genotypes. Ca intake in the YYU18, YYU15 and YYU21 genotypes was lower by 36.02%, 33.76% and 26.27%, respectively; in plants exposed to 50 mM NaCl when compared to control plants (tab. 2). As with K intake, the YYU29 genotype also had the highest Ca intake (11.38%) under saline conditions of all the genotypes tested (tab. 2). Previous studies have reported increases in soil Na levels to cause reductions in plant Ca, K and Mg levels, although the toxic effect of soil Na has been shown to be mitigated by the presence of sufficient soil Ca [Grattan 1993 , Marschner 1995 , Gomez et al. 1999 . Moreover, Na ions accumulate in the cell wall apoplast, disrupting the functional structure of the cell wall and negatively affecting cell Ca contents [Çulha and Çakirlar 2011] .
Na content in plants increased with salt application in all genotypes, with the YYU29 genotype showing the largest increase (394.55%) and the YYU11 genotype the smallest increase (88.71%). The relatively large difference in Na ratios observed between the saltstressed and control applications in the YYU29 genotype, which had one of the lowest levels of Na of any of the genotypes following salt application, can be explained by the fact that it also had the lowest Na content in the salt-free control application. K : Na ratios play a role in determining salt tolerance. The YYU29 genotype was found to have the highest K : Na ratio under saline conditions (1.79), and the YYU23 genotype had the highest K : Na ratio among the salt-free control applications (9.77). All genotypes tested showed reductions in K : Na ratios following salt application, with the greatest reduction observed in the YYU22 genotype and the smallest reduction observed in the YYU11 genotype (-85.84% and -57.09% respectively).
The regularity of ion transport in plant cells is closely related to the equilibrium between monovalent (K + and Na +) and divalent (Ca +2 and Mg +2 ) cations. When the competitive intake between Na + and K + that occurs in all plants Davenport 2003, Yilmaz et al. 2011) swings in favor of the K + cations, the subsequent rise in K : Na helps plants to protect themselves against salt stress [Yoshida 2002 , Rubio et al. 2002 . Rates of Na + and K + absorption have been reported to vary among plant genotypes, resulting in different K : Na ratios and thus differences in salinity tolerance [Heimler et al. 1995 , Lopez and Satti 1996 , Yu et al. 1998 , Dasgan et al. 2002 .
Similar to the findings for K : Na ratios, Ca : Na ratios under saline conditions were highest in the YYU29 genotype (1.70), whereas Ca : Na ratios under non-saline (control) conditions were highest in the YYU23 genotype (9.43). The YYU18 genotype was found to have the lowest Ca : Na ratio following salt application (0.79). Decreases in Ca : Na ratios that occur under saline conditions have been reported to increase cell-membrane permeability, leading to further salt uptake, and, thus, greater toxicity [Davenport et al. 1997 , Villora et al. 2000 .
Using mixture modeling, three homogenous subpopulations were formed to classify melon genotypes by nutrient contents for both 50 mM NaCl salt and 0 mM NaCl control applications (tab. 5, figs 1 and 2). The model with the smallest AIC and BIC is defined as the best model (tab. 3) [Wang and Putterman 1996] . The accuracy rate of the sub-population entropy classification by nutrition content were 98% and 99% for 0 mM NaCl and 50 mM NaCl salt using Table 3 , respectively [Muthén and Muthén 2014, Yesilova et al. 2016] .
For both the control (0 mM NaCl) and salt stress (50 mM NaCl) applications, Sub-population 3 had the highest mean Ca and K contents and K : Na and Ca : Na ratios and the lowest mean Na content (Figures 1 and 2) , whereas Sub-population 1 had the lowest mean Ca and K contents and K : Na and Ca : Na ratios and the highest mean Na content (figs 1 and 2). In other words, the genotypes in Sub-population 3 showed greater tolerance to salt stress, whereas the genotypes in Sub-population 1 showed greater susceptibility to salt stress.
The classification of genotype by Sub-population varied somewhat according to salt application. For example, with salt application, the only genotypes to be included in Sub-population 3 were the YYU29 and YYU23 genotypes, whereas with the control application, Sub-population 3 included other genotypes as well. Furthermore, the YYU15, Galia and YYU18 genotypes fell into Sub-population 2 of the control classifications, but into Sub-population 1 of the salt-stress classifications (tab. 3). * The higher the number, the higher the probability to be in that sub-population Enzyme activity and lipid peroxidation. When plants are subjected to stress factors like salinity, drought, high temperature, high light intensity, herbicide application and mineral deficiency, reactive oxygen species (ROS) thrive and cause oxidative damage Harris 2004, Kusvuran et al. 2016] . Antioxidant enzymes such as SOD, CAT and APX improve a plant's ability to detoxify ROS [Shi and Zhu 2008 ] overproduction, and their activity has been shown to be higher in plant genotypes with greater tolerance to salt stress when compared to less tolerant genotypes [Ahmad et al. 2012] .
The findings of this study regarding changes in enzyme activity and MDA content of melon genotypes with salt stress are given in Table 6 . According to these findings, sensitivity to salt resulted in decreased CAT and APX enzyme activities for some genotypes, but no decrease in SOD activity could be identified. In general, CAT activity of melon genotypes varied with salt stress, with the YYU6 genotype showing the greatest increase in comparison to the control (4100.00%), and the YYU23 genotype showing the greatest decrease (-88.24%) in comparison to the control (Table 6) . With regard to APX activity, the YYU6 genotype had the highest amount of APX enzyme activity (0.589 mmol g -1 FW) in the control application, whereas the YYU4 genotype had the lowest APX enzyme activity (0.125 mmol g -1 FW) in * The higher the number, the higher the probability to be in that sub-population . Changes in ion (K, Ca and Na) regulation, antioxidant enzyme activity and photosynthetic pigment content in melon genotypes subjected to salt stress -a mixture modeling analysis. Acta Sci. Pol. Hortorum Cultus, 17(1), 165-183. DOI: 10.24326/asphc.2018.1.16 the control application (tab. 6). The greatest increase in APX activity with salt application was observed in the YYU4 genotype, which had an increase in APX activity of 866.40% with salt application. All melon genotypes showed an increase in APX activity with salt stress except for the YYU6 and YYU23 genotypes, which showed decreases of 90.32% and 5.30%, respectively, in APX activity (tab. 6).
In terms of SOD activity in response to salt stress, YYU15 was the genotype with the highest rate of change (675.50%) whereas the YYU6 genotype, which had the highest amount of SOD activity under the control application (333.33 U mg -1 FW), had the lowest rate of change (27.75%) in response to salt application (tab. 6).
Previous studies have reported SOD activity in melon to be affected by salt stress [Keling et al. 2013 , Kusvuran et al. 2007a ]. However, not all genotypes show the same response to salt in terms of SOD activity; therefore, it has been suggested that CAT activity might be a better indicator of genotypic tolerance/sensitivity to salt stress [Kusvuran et al. 2007a] . A study by De Azevedo Neto et al. [2006] reported both CAT and APX to play important roles in H 2 O 2 detoxification.
MDA contents also varied between the salt and control applications, with 41% of melon genotypes showing increases in MDA content in response to salt stress and the remaining 59% of genotypes showing decreases in MDA content in response to salt stress (tab. 6). The highest rate of increase in MDA content (75.59%) was observed in the YYU10 genotype, followed by the YYU11 genotype (44.95%), which had the highest total amount of MDA, whereas the highest rates of decrease in MDA content (42.86%) were observed in the YYU22 genotype, followed by the YYU12 (41.81%) and YYU29 (40.39%) genotypes (tab. 6).
MDA is produced by the oxidation of lipids from cell membranes damaged by environmental stress and may provide information about how plants respond to salt stress [Bharti et al. 2016] , which varies among species as well as among genotypes. While studies conducted with bean [Yasar et al. 2008] pumpkin [Sevengor et al. 2011] as well as melon [Keling et al. 2013] reported all genotypes to show increases in MDA content with salt application, studies by Kuşvuran et al. [2007b Kuşvuran et al. [ , 2008 found some melon genotypes to exhibit decreases in MDA content with salt application.
In the present study, mixture modeling was able to classify melon genotypes into four homogenous sub-populations according to antioxidant enzyme activity/MDA content for both the 50 mM NaCl salt and 0 mM NaCl control applications (tabs 4 and 7, figs 3-6). The accuracy rate of this sub-population entropy classification by enzyme activity/MDA content were 97% and 98% for 0 mM NaCl and 50 mM NaCl salt using Table 4 , respectively [Muthén and Muthén 2014, Yesilova et al. 2016] . Under salt-free (control) conditions, sub-population 2 showed the highest CAT activity (mean: 0.042 mmol g -1 FW), whereas sub-population 4 showed the highest SOD (mean: 353.491 U mg -1 FW) and APX (mean: 0.466 mmol g -1 FW) activity as well as the lowest MDA content (figs 3-6). By contrast, under saline conditions, sub-population 4 showed the highest CAT activity (0.088 mmol g -1 FW), sub-population 2 showed the highest SOD activity (1665.92 U mg -1 FW), and sub-population 3 showed the highest APX activity (3.548 μmol g -1 FW) as well as the lowest MDA content (1.445 mmol g -1 FW). In response to salt application, CAT activity increased in subpopulations 1, 3 and 4, whereas CAT activity decreased in sub-population 2 (figs 3-6). Moreover, whereas most genotypes fell into sub-population 1 under saline conditions, under salt-free conditions, most genotypes fell into sub-population 3 (tab. 7). In contrast to the distribution of genotypes for nutrient content (tab. 5), the distribution of genotypes with regard to enzyme activity showed less clear results, indicating that greater variations in enzyme activity occur in response to salt application and, therefore, enzyme activity alone is not a good indicator of salt tolerance/sensitivity of melon genotypes (tab. 7).
Photosynthetic content
Chlorophyll (a, b, total) and carotenoid contents of melon genotypes under saline and salt-free (control) conditions are given in Table 6 . In general, pho- The increase in photosynthetic pigments with salt stress can be attributed to the increase in antioxidant enzyme activity. This is in line with Sevengor et al. [2011] , who reported antioxidant enzyme activity to inhibit chlorophyll degradation. Generally, chlorophyll content is more affected in the early stages of salt stress: Kuşvuran et al. [2008] reported decreases in chlorophyll content of seedling leaves after 8 days of salt application, whereas Amira and Qados [2011] reported increases in chlorophyll content in pea plants after 15 days of salt application. In the present study, chlorophyll data was obtained at the end of 18 days of salt application.
Correlation analysis examining changes in nutrient composition, enzyme activity/MDA content and photosynthetic pigments of melon genotypes in response to salt application are presented in Table 9 . Significant negative relationships (p < 0.01) were found between K : Na ratio and Na content (r = -0.718) and between Ca : Na ratio and Na content (r = -0.679). This is in line with previous studies showing K and Ca to play a role in protecting plants against salt stress [Hagin et al. 1990 , Grattan 1993 , Catalan et al. 1994 , Naido 1994 , Gomez et al. 1999 , Kipçak and Erdinç 2016 .
A significant negative relationship (p < 0.01) was also found between K : Na ratio and MDA content (r = -0.136). This suggests that the replacement of Na with K observed to occur with salt exposure may be limited by the production of MDA, which is believed to occur under stress conditions as a result of peroxidation of essential membrane lipids in plasmalemma or intracellular organelles [Esfandieri et al. 2007] .
A statistically significant positive correlation was found among the contents of different photosynthetic pigments, whereas a significant negative correlation was found between SOD and CAT activity. This may be due, in particular, to a decrease in CAT activity in some genotypes and an increase in SOD activity with salt stress in all genotypes. This is in line with Kusvuran et al. [2007a] , who also reported that CAT enzyme activity gave more sensitive results under salt stress. 
CONCLUSIONS
Mixture model is a novel approach having important advantages compared to the cluster and factor analysis; it is resolved according to the probability of inclusion within the subgroup categories and gives the parameter estimates for each subgroup. The present study, employing mixture model in identification the response of melon accessions and cultivars to salt stress in terms of ion exchange, enzyme activity, and lipid peroxidation and photosynthetic pigment contents, found variations in how melon genotypes responded to salt stress, with local genotypes performing better than the commercial varieties examined. Whereas K and Ca intake tended to decrease with exposure to salt, enzyme activation, MDA content and photosynthetic pigment content tended to increase. These findings support the importance of genetic diversity and the emphasis developing more tolerant varieties able to cope with the problem of increasing soil salinity occurring throughout the world.
The mixture modeling utilized in the present study had entropy classification accuracy rates of 97% for nutrition-content sub-populations and 98% and for antioxidant-enzyme activity/MDA content sub-populations, indicating the successful classification of observed values.
